Potable Water Alternatives for an Extraterritorial Jurisdiction Community in Wake County, North Carolina by Benavides, Brenda
  
 
 
 
POTABLE WATER ALTERNATIVES FOR AN EXTRATERRITORIAL JURISDICTION 
COMMUNITY IN WAKE COUNTY, NORTH CAROLINA 
 
 
 
 
 
Brenda Michell Benavides 
 
 
 
 
 
A technical report submitted to the faculty at the University of North Carolina at Chapel Hill in 
partial fulfillment of the requirements for the degree of Master of Science in Environmental 
Engineering in the Environmental Sciences and Engineering Department in the School of Public 
Health 
 
 
 
 
 
Chapel Hill 
2016 
 
 
 
 
 
Approved by: 
 
Jacqueline MacDonald Gibson 
 
Pete Kolsky  
 
Steve Whalen  
 
 
 
 
 
ii 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
© 2016 
Brenda Michell Benavides 
ALL RIGHTS RESERVED 
 
 
 
 
 
iii 
 
 
 
ABSTRACT 
 
Brenda Michell Benavides: Potable water alternatives for extraterritorial jurisdiction community 
in Wake County, North Carolina  
(Under the direction of Jackie MacDonald Gibson) 
 
 
Recent research identified cost as the most significant barrier to extending piped water to 
peri-urban communities in North Carolina (NC). This paper compares the costs to connect a 
Wake County, NC, community where monitoring has detected contamination in self-supplied 
wells to the nearby public, piped water supply, to install and maintain a whole-house water filter, 
or to purchase bottled water. A preliminary municipal pipe network design was prepared using 
WaterGEMS, and construction costs were estimated using historical data from similar projects.  
Bottled water and whole-house filter costs were estimated using publicly available data. The 
estimated construction cost for the water service extension is $870,000.  The net present costs 
per household for the water service extension, water filter, and bottled water alternatives are 
$14,000, $9,000, and $27,000, respectively, over a 30-year period. This analysis provides novel 
cost information to inform decisions about improving water quality in this community. 
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1. INTRODUCTION 
In communities throughout the United States, access to basic services such as municipal 
water service has long been influenced and even precluded by factors such as race and 
socioeconomic status. Studies completed in California, Mississippi, and North Carolina have 
observed that high levels of segregation by race and socioeconomic status continue to exist in 
America, with many communities undertaking concerted efforts to disenfranchise minorities and 
the poor (Balazs and Ray, 2014; Aiken, 1987; University of North Carolina [UNC] Center for 
Civil Rights, 2006). Deliberate exclusion of certain ethnic communities from municipal 
boundaries is termed “underbounding” and is a form of discrimination that excludes these 
communities from receiving urban services (Lichter, Parisi, Grice, Taquino, 2007). In North 
Carolina municipalities have extraterritorial jurisdiction over the fringe populations created by 
municipal underbounding, meaning that they are able to make land-use decisions for populations 
of people who do not have the right to vote on these decisions and do not benefit from the public 
services supplied by the municipalities (Wilson, Heaney, Cooper, Wilson, 2008).  
A public water system, as defined by the Environmental Protection Agency (EPA, 2013), 
is a system that provides potable water through pipes or other constructed conveyance to at least 
fifteen service connections or to at least twenty-five people regularly. These water systems, 
which can be publicly- or privately-owned and are regulated by the EPA, currently serve about 
ninety percent of Americans (EPA, 2013). The remaining forty-five million Americans not 
served by public water systems rely on self-supplied systems to meet their water needs, with 
North Carolinians alone constituting about seven percent of self-supply groundwater well users 
2 
 
nationally (NC Department of Health and Human Services [NC DHHS], 2014). There are 
estimates that about forty percent of North Carolina’s self-supplied wells have structural damage 
that could expose people’s drinking water to E. coli and other contaminants (Loop, personal 
communication, October 21, 2014), and a recent study found that of 57 homes sampled from 
extraterritorial jurisdictions in Wake County, nearly fifty percent tested positive for total 
coliform bacteria in at least one of three samples taken (Stillo, 2015). According to the Wake 
County Government (2012), individuals should have their self-supplied well tested every year 
for total and fecal coliform bacteria; every two years for heavy metals, nitrates, nitrites, lead, 
copper, and volatile organic compounds; and every five years for pesticides (or yearly if a 
particular pesticide is applied nearby). Unfortunately, it is estimated that less than 200,000 self-
supplied wells in North Carolina were tested in the period from 2000-2010 despite an estimate 
that three million North Carolinians rely on groundwater wells to meet their potable water needs 
(NC DHHS, 2014). Poor maintenance of self-supplied wells is the result of several factors. 
Water may look, smell, and taste fine although it contains contaminants. Cost could be 
prohibitive, with basic bacteriological tests alone running at $25 and prices ranging from $20 to 
$105 per additional test (Wake County Government, 2016). If self-supplied groundwater wells 
are tested and indicate that users may be exposed to fecal or heavy metal contamination, well 
water users may request an extension of public water service to their communities. Recent 
research in North Carolina on the barriers to extending piped water services to communities 
lying just outside of municipal boundaries identified financing as the most influential factor 
during decision-making on whether or not to extend service (Naman, 2014).  
This paper describes a comparative analysis of three potable water alternatives: (1) the 
cost to extend public water services into a Wake County community along Whites Lane in 
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Wendell, North Carolina, (2) the cost for residents to install and maintain whole house water 
filtration systems with ultraviolet (UV) disinfection, and (3) the cost for residents to have 
drinking water delivered to their homes. This fringe community consists of 71 people in 20 
households without access to services provided by the municipality although it is a short distance 
away from municipal boundaries and less than two miles from the Wendell Country Club (Figure 
1). Prior research has detected a high prevalence of microbial contaminants in selected wells in 
this community (Stillo, 2015) and has shown that only about 7% of residents test their wells at 
the annual frequency recommended by the Wake County Department of Public Health (Fizer, 
2016).  Residents are majority non-white (Table 1). The Raleigh Public Utilities Department 
routinely performs cost analyses for extensions to public services when communities ask to be 
annexed into cities and towns; however, this segment of the community has not applied for 
annexation and this analysis could provide novel information for both the community and the 
public utilities department. 
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Figure 1. Community of interest (indicated by red hatch marks and outlined in cyan) with 
Wendell Country Club to the southeast in yellow. 
 
Table 1. Demographic information for Whites Lane Community. 
Population No. of 
Households 
Median Income 
(USD) 
Fraction white Fraction 
non-white 
71 20 51,083 0.41 0.59 
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2. METHODS 
A cost analysis for thirty years, from present day in 2016 to 2046, allowed for a 
comparison of the capital and operation and maintenance (O&M) costs to extend services into 
the Whites Lane community, the cost for this community to install and maintain whole house 
filtration systems with UV disinfection, and the cost to have drinking water delivered to the 
home. A discount rate of 3.5%, recommended by the Office of Management and Budget for 30-
year cost analyses, was used to calculate the net present value of the estimated costs (Office of 
Management and Budget, 2015). Analyses with a 5% discount rate were also completed and are 
available in the appendices.  
2.1. WATER SERVICE EXTENSION ALTERNATIVE 
 Water service extension is an alternative that would ensure high quality water for Whites 
Lane community residents with little to no maintenance on their part. It would require a 
connection to existing water network mains, extension of laterals to property lines, and addition 
of all relevant appurtenances such as valves and meters.  
2.1.1. DATA COLLECTION 
 
The Raleigh Public Utilities Department (RPUD) shared existing water infrastructure 
information in the form of shapefiles (Figure B.1). The existing network data from RPUD as 
well as publicly available geographic information system (GIS) data was used to develop a 
proposed extension design into the Whites Lane community using WaterGEMS V8i. The 
Raleigh Public Utilities Department Handbook was referenced to determine all requirements for 
construction of the proposed extension. Project bid tabs were gathered from the City of Raleigh 
website to estimate costs of construction and the 2016-2017 Development Fee Schedule for the 
City of Raleigh contained information needed for permitting costs (2016). To estimate the cost to 
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Whites Lane homeowners, information was also gathered from reports published by Raleigh 
regarding water rates and average per capita consumption. 
2.1.2. COST ESTIMATION APPROACH 
Early on in the cost estimation for the water service extension a review of relevant rules 
and regulations surrounding potable water networks in Raleigh was undertaken. The Raleigh 
Public Utilities Department Handbook from 2014 was referred to for all required appurtenances 
and other regulations. Additionally, several project bid tabs for recent water main extension and 
similar projects were examined to gain an understanding of the typical budget items in a water 
network extension project. Bid tabs available online from the Raleigh Public Utilities 
Department were selected if they included cost information on extension of water network piping 
and other components.  
After a review of component requirements for a water network extension, shapefiles with 
information about the Whites Lane community were evaluated to determine where a water 
network extension was necessary. Several empty lots and mobile homes and two churches are in 
the census block of interest for this analysis. These parcels were excluded from the analysis with 
water service only extended to parcels with permanent homes.  
City of Raleigh consultant Hazen and Sawyer provided valuable pressure and fire flow 
information by running a City model to determine whether the Whites Lane community could be 
supported by the existing system. Population, proposed connection point, and daily demand 
information was provided to run the simulation in the model, with an average daily demand of 96 
gallons per capita daily (gpcd) used per the City of Raleigh Water Resources Assessment and 
Plan (Waldroup, Wheeler, Buchan, Tant , 2013). A peaking factor of 1.4 was used to estimate 
maximum daily demand. With the supplied information, it was found that pipes supplying the 
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Whites Lane community would have ample capacity to deliver water for needed demands and 
fire flow (Figure B.2).   
The cost information from the project bid tabs was manually compiled in Microsoft Excel 
2013 Version 15.0.4753.1001, and the averages of each of the relevant unit costs for each 
component were used to estimate construction costs for an extension of potable water to the 
Whites Lane community. Shapefiles containing applicable information such as existing pipe, 
topographic, and street information were combined in WaterGEMS Version 8.11.01.32 using the 
ModelBuilder function and then pipes, hydrants, and other appurtenances were added as needed 
to the Whites Lane community model.  
Once all quantities of components and unit costs were in Microsoft Excel 2013, costs per 
item were calculated by multiplying quantity of a particular item except in the case of items with 
lump sum costs. The total cost of this alternative was calculated, and this cost was divided by the 
number of households in order to calculate a cost per household for the construction portion of 
this alternative.  
For the permitting cost of this alternative, the City of Raleigh Development Fee Schedule 
provided all possible permitting costs. Relevant permits and fees required for this project were 
determined from the information in the fee schedule and a review of maps of the Whites Lane 
census block in Wake’s iMaps. It was determined from GIS maps that the Whites Lane block is 
located in a flood prone area and that there is a stream running through it (Figures B.4, B.5). 
Some permits consisted of lump sum costs while others were costs per unit. In the latter cases, 
the cost per unit was multiplied by the appropriate number of units based on the WaterGEMS 
and GIS maps. 
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The net present value of the initial and monthly costs for this alternative to homeowners 
was also calculated in Excel. Initial costs to residents were gathered from the Development Fee 
Schedule. The average per capita consumption in gpcd for the ten years between 2005 and 2015 
were gathered from the 2013 Water Resource Assessment and Plan and 2015 Data Book, both 
public Raleigh publications, and these values were averaged to estimate the average per capita 
consumption for this analysis (Table B.3). This consumption value of 103 gpcd was used to 
estimate annual water usage per person by multiplying this value by 365 days in a year. The 
calculated annual per capita consumption value was multiplied by the average number of people 
per household to find household water usage, and was multiplied by a CCF/gallon conversion 
factor to arrive at annual household consumption in CCF, the unit used for Raleigh water rates.  
the current City of Raleigh public utility rates. These annual costs were included in the NPV 
function of Excel with a discount rate of 3.5% to calculate the net present value cost of this 
extension alternative to Whites Lane residents.   
 
2.2. WHOLE HOUSE FILTRATION WITH UV ALTERNATIVE 
Whole house water filtration with UV was analyzed as an alternative that could improve 
water quality for Whites Lane community residents. The cost estimate for this alternative 
includes purchase and installation of a whole house water filtration system and regular 
replacement of filter parts. Also included are the costs of bacteriological testing every six months 
after installation of the whole house water filter and additional testing for VOCs and pesticides 
as recommended by the North Carolina Department of Health and Human Services (NCDHHS) 
to ensure that the filter is working properly. Costs to residents were estimated for three separate 
manufacturers as the cost of a whole house water filter varies appreciably between 
manufacturers.  
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2.2.1. DATA COLLECTION 
 
Several whole-house filter options are available to those interested in improving the 
quality of their water. Some manufacturers of whole house water filters include Puriteam, 
Aquasana, Culligan, 3M (Aqua-Pure), and Pelican. When looking for cost data on whole house 
water system installation and maintenance, manufacturers’ websites were visited for data. From 
the information on these sites, cost of the whole house filter system, replacement filters, and 
replacement UV lamps was gathered. The three manufacturers chosen for this analysis 
(Aquasana, Pelican, and Puriteam) were selected because they specifically mention well water 
filtration whereas several others emphasize municipal water improvement and because the 
chosen manufacturers include UV disinfection to address concerns about bacterial contamination 
in wells. Costs of periodic well water testing were collected from the Wake County government 
webpage on well water sampling (Kane, 2016).  
 
 
Figure 2. Whole house filters considered for analysis (clockwise from top left): 
Aquasana Well Water Rhino, Pelican 1-3 Room Filter, and Puriteam UV20-3 
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2.2.2 COST ESTIMATION APPROACH 
 
Costs for each year between 2016 and 2046 (years 0 to 29) were entered in Microsoft 
Excel 2013. The one-time costs of purchasing a filter is incurred in year 0, with an assumption 
made that the filter casing does not need to be replaced in the 30 years for which costs are 
estimated. It is assumed also that residents pay a fee for installation of their filters. Recurring 
costs vary between filters based on manufacturer recommendations regarding useful life of 
materials such as filters and UV lamps (Appendix D). Well water testing costs varied from year 
to year because tests for different constituents are recommended at different intervals. In order to 
calculate the net present value of the cost of this alternative to Whites Lane community residents, 
all costs in the 30 years of interest were entered into the NPV function in Excel with a discount 
rate of 3.5%. Tables with annual cost information for this alternative are located in Appendix C.   
 
2.3 BOTTLED WATER DELIVERY ALTERNATIVE 
 Use of bottled water for drinking and cooking with well water reserved for non-potable 
uses such as washing and flushing has been recommended as an alternative to connection to 
public water supply and other costly treatment alternatives when water quality is an issue 
(Herman & Jennings, 1996). Additionally, bottled water is a publicly trusted source of acceptable 
quality water for drinking and cooking, as evidenced by its recent use in communities in North 
Carolina and Michigan where drinking water quality was of concern (Biesecker, 2015; Zucchino, 
2015; Smith, 2015). As bottled water appears to be a trusted and relatively inexpensive source of 
drinking water, an alternative wherein Whites Lane ETJ residents arrange to have bottled water 
delivered to their home on a regular basis was analyzed. 
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2.3.1 DATA COLLECTION 
 
 Cost information for two bottled water companies, Crystal Springs and Diamond Springs, 
was gathered online from company websites. Information on water consumption was estimated 
based on census data regarding the average number of people per household in Wake County, 
North Carolina (U.S. Census Bureau, 2015) and estimates by researchers at Pennsylvania State 
University (Bowen & Sharpe, 2016) and the World Health Organization (Reed, n.d.) of how 
much water is required per capita for drinking and cooking.  
2.3.2 COST ESTIMATION APPROACH 
As with the whole house filtration with UV alternative, all recurring costs for bottled water 
delivery were entered into Microsoft Excel 2013 for years 0 to 29. The annual costs were entered 
into the NPV function in Microsoft Excel 2013 with a discount rate of 3.5%, with the resulting 
cost representing the net present value cost per household for bottled water delivery to the home. 
Tables with annual cost information for this alternative are located in Appendix D.   
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3. RESULTS 
3.1. WATER SERVICE EXTENSION ALTERNATIVE 
The construction costs for this connection project would be about $43,000 per household 
(Table 2). The most expensive component when taking into account number of units required is 
the 12-inch water main at about $50/LF with a little over 5,000 linear feet required. Table 2 
below shows quantities of physical components required for an extension project into Whites 
Lane as well as several non-physical items required for the project, such as design costs, pre-
construction soil and other analyses, and man-hours.  
When considering all components of this project, including permitting fees (Table 3) the 
most expensive portion of this project becomes the pavement cut fee. The total cost of this 
proposed extension including permitting fees would be approximately $1,175,000, with physical 
components making up seventy-four percent that cost and non-physical component costs 
comprising twenty-six percent of this cost.  
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Table 2. Detailed cost breakdown for Whites Lane extension project construction 
 
 
Table 3. Cost of permits for Whites Lane community extension project 
 
Cost to homeowners in the form of monthly utility payments is considerably less than the 
cost to construct this alternative, with an NPVcost of about $14,000 per household. The initial 
cost for this alternative to the Whites Lane homeowners is about $4,000, and monthly costs on 
average are about fifty dollars (Tables C.1, C.2).  
TOTAL 868,983$                                                           
TOTAL/HH 43,449$                                                             
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3.2. WHOLE HOUSE FILTRATION WITH UV ALTERNATIVE  
Three whole house filters were selected for this cost analysis. The average net present 
value cost of the whole house water filtration alternative is $9,000 per household. The most 
expensive option in terms of net present value is the Aquasana Well Water Rhino and the least 
expensive is the Pelican 1-3 Room Filter (Figure 3). It should be noted that per capita 
consumption used to estimate water usage for this alternative considered only indoor uses of 
water such as bathing and cooking, not outdoor uses of water such as gardening. Outdoor 
consumption was considered when estimating water usage for the connection alternative. 
 
Figure 3. Net present value cost of whole house filter alternatives. 
  
There is about a $100 step in average annual costs between the three filter options, and a 
$6,000 range in total costs for these three options over the thirty years of this analysis (Table 4). 
 
 
$12,000 
$6,000 
$10,000 
$0
$2,000
$4,000
$6,000
$8,000
$10,000
$12,000
$14,000
Aquasana Well Water Rhino Pelican 1-3 Room Filter Puriteam UV20-3 Filter
Net Present Value Cost of Filter Alternatives
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Table 4. Comparison of household costs of filter alternatives 
Component Cost in USD 
Aquasana   
     Purchase and installation cost 5,000 
     Average annual cost 410 
     Net Present value cost 12,000 
Pelican  
     Purchase and installation cost 1,400 
     Average annual cost 250 
     Net Present value cost 6,000 
Puriteam  
     Purchase and installation cost 3,500 
     Average annual cost 360 
     Net Present value cost 10,000 
 
3.3. BOTTLED WATER DELIVERY ALTERNATIVE 
 Bottled water is a widely trusted, though expensive, source of potable water. For the 
Whites Lane community, the average net present value cost of this alternative would be $26,500 
per household, with Crystal Springs being the slightly cheaper option (Table 5). For this 
alternative again outdoor water use was not included in the cost estimation, only water usage for 
drinking and cooking. 
Table 5. Results of bottled water delivery alternatives 
Component Cost in USD 
Crystal Springs  
     Average annual cost 1,380 
     Total cost 41,300 
     Net Present value cost 25,000 
Diamond Springs  
     Average annual cost 1,510 
     Total cost 45,290 
     Net Present value cost 28,000 
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4. DISCUSSION 
4.1. RECOMMENDED ALTERNATIVE 
This analysis reveals that a project to connect the Whites Lane neighborhood to the 
existing public water service network would be the most expensive of the potable water 
alternatives considered for the municipality but would be on par with the filter options for the 
Whites Lane residents (Figure 4). Construction for this project would cost $870,000. This is 
about 0.1% of the total budget allotted to public utilities between 2015 and 2019 in the Capital 
Improvement Program (City of Raleigh, 2014) and 12% of funding currently allotted to water 
main expansions during this same period. Though it is a small fraction of the public utilities 
budget, the population of the Whites Lane community is small relative to the populations of 
Raleigh (0.01% of the Raleigh population) and the population of Wendell (15% of the Wendell 
population). There is room for some growth in the population of the block as there are several 
vacant lots available.  
 
Figure 4. Comparison of potable water alternative net present value costs. 
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With the population of the Whites Lane community being a small fraction of the Raleigh 
and Wendell populations and the extension alternative consuming a little over 10% of the water 
main expansion budget for 2015-2019, an extension to this community is not advised at this 
time. An extension should be revisited in the future if more funding becomes available for 
expansions and as more land around the Whites Lane community receives municipal water 
service. The Town of Wendell Planning Department provides a map of future development that 
shows a section of land adjacent to the Whites Lane census block slated for development (Figure 
5). 
 
Figure 5. Planned development within Town of Wendell 
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Following the extension alternative in terms of total cost is the bottled water delivery 
alternative. Bottled water is an attractive alternative because it is a highly trusted drinking water 
source, particularly when municipal or other potable water sources are deemed unsafe (Hu, 
Morton, Mahler, 2011; Doria, 2006). Unfortunately, bottled water is not immune to quality 
issues, with bottled water sometimes containing fluoride levels and bacterial counts outside the 
recommended range (Lalumandier, Ayers, 2000; Raj, 2005).  Furthermore, bottled water is not 
regulated as stringently as municipal water, making it a less attractive long-term potable water 
alternative. The extension or filter with UV alternatives would be preferred from a public health 
perspective because water would be treated (or filtered, in the case of the filter) before use to 
improve quality and municipal water would be required to meet drinking water standards before 
to Whites Lane residents. Additionally, the cost to homeowners in the Whites Lane community is 
highest for the bottled water delivery option, though there would be no cost to the city for this 
alternative.  
With the extension alternative the responsibility would not be with each individual 
homeowner in the Whites Lane community to ensure the quality and reliability of their water but 
with a public agency that already operates in the region. As stated earlier in this report, it is 
estimated that only about 200,000 self-supplied wells in North Carolina were tested in the period 
from 2000-2010 while three million North Carolina residents depend on self-supplied 
groundwater supplies (NC DHHS, 2014). In addition, prior research that included members of 
the Whites Lane community has shown that only about 7% of residents test their water at the 
recommended annual frequency (Fizer, 2016).  These statistics suggest that an alternative that 
requires little action from residents would be most likely to ensure the quality of their potable 
water long-term. With frequent well water testing and periodic filter maintenance required for 
19 
 
the whole house filter alternative, this option is less attractive in terms of ease of implementation 
for Whites Lane residents than bottled water delivery and an extension of services. However, 
until budget and existing development create a better environment for a Whites Lane extension, I 
recommend that the municipality look into the feasibility of a subsidy program for the more 
affordable whole house filtration or bottled water alternatives, the filter alternative being the 
preferred choice. This subsidy program could include a provision for periodic well water testing 
to ensure well water quality does not fall below specified standards.  
 
4.2. IMPLEMENTATION  
 Should the filter with UV or bottled water alternatives be chosen for the Whites Lane 
community, the city can leave the cost of these alternatives to Whites Lane residents or look into 
development of a subsidy program for these alternatives until such time as an extension becomes 
financially feasible. This program can be structured similarly to energy reduction incentives, 
with residents receiving free or low cost supplies. A well water monitoring component is 
recommended with either of these components to ensure well water quality for the Whites Lane 
residents.    
Two options exist for implementing the extension alternative for the Whites Lane 
community should it become financially feasible. The community may either petition for 
annexation into the City of Raleigh or involuntary annexation can occur – both of these options 
are described on the City of Raleigh website and in more detail within the North Carolina League 
of Municipalities report on the mechanics of annexation (2012). To begin the process of 
voluntary annexation in a non-distressed area, property owners within the Whites Lane 
community have to submit an annexation petition containing signatures for all landowners in the 
area proposed for annexation and their addresses. This step in the annexation process is likely the 
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most difficult as it requires action on the part of every homeowner in the proposed area. Once 
this petition is received and the information therein is verified, a public hearing is scheduled so 
that all those within the area to be annexed and within the municipality can express any 
concerns. If these homeowners and the city council favor the annexation, the council approves 
the annexation and it moves forward. After annexation, the City would be responsible for the 
cost of the extension and residents would be responsible for initial connection fees and monthly 
water bills.   
 
4.3. LIMITATIONS  
 The cost analyses presented within this report represent the costs for the community of 
focus in the present day. They do not account for fluctuations in the cost of labor and materials – 
particularly for the extension alternative. They also do not account for in-household fluctuations 
in water use or for most outdoor water usage. In addition, the estimates do not consider health or 
property benefits of steps to improve water quality in the community nor property tax 
implications for the homeowners.  They do, however, provide a picture of the range of costs a 
homeowner within the Whites Lane community faces for common potable water alternatives.  
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5. CONCLUSION 
Based on an analysis of the net present value of several potable water alternatives for the 
Whites Lane community, a subsidy program for the filter with UV alternative is most highly 
recommended for reasons of public health and environmental justice. It is also recommended that 
the city revisit the extension alternative as infrastructure extends closer to the community. 
Though it is a costly alternative now, the community of focus is close to the planned Zebulon 
Water line on NC 97 and the Wendell Blvd Water line. Since there are already plans for water 
main extensions near the community, this project could fit well with the existing ten year plans 
outlined by the City of Raleigh (City of Raleigh, 2014).  
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APPENDIX A. RALEIGH PUBLIC UTILITIES DEPARTMENT BIDS 
 
Figure A.1. 2011 Water Main Replacement Project #3 Bid Tab (source: Eileen Navarrete, P.E., 
PMP, City of Raleigh Public Utilities Department). 
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Figure A.2. Section of 2011 Water Main Replacement Project #4A Bid Tab (source: 
www.raleighnc.gov). 
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Figure A.3. 2011 Water Line Replacements Bid Tab (source: Eileen Navarrete, P.E., PMP, City 
of Raleigh Public Utilities Department). 
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Figure A.4. Section of 2013 Water Line and Sewer Line Replacements (source: 
www.raleighnc.gov). 
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APPENDIX B. PROPOSED WATER SERVICE EXTENSION ALTERNATIVE 
Todd Davis of Hazen and Sawyer was consulted to determine whether the existing piping 
surrounding the Whites Lane residents (Figure B.1) could support the additional demand (both 
consumer demand and fireflow demands) from an extension.  
 
Figure B.1. Map showing some of the existing water infrastructure around the Whites Lane 
census block. 
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A shapefile of the census block of interest and some surrounding land were shared with Todd 
Davis along with the information below in order for him to run the City’s model and determine if 
this extension was technically feasible: 
 
Whites Lane/Eagle Rock Road Community: 
2010 US Census Block 2009, Block Group 2, Tract 544.02 
Total Population not served by CWS: 71 people 
 
Total community ADD estimate*: 1,920 gallons per day 
 
* Based on 2013 per capita per day water demand from the 2013 City of Raleigh Water 
Resources Assessment Plan of 96 gpcd. 
 
Table B.1. Estimated node and community demands. 
Junction Households 
served 
ADD 
(MGD) 
MDD 
(MGD) 
1 20 1920 2688 
 
Peaking factor used: 1:1.4 (ADD:MDD) 
 
Todd Davis tested multiple possible points of connection and found that pressures and flow 
would be sufficient for this extension, sharing Figure B.2 below to summarize his findings: 
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Figure B.2. Map showing maximum day demand pressures with projected Whites Lane 
community demands. 
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Extensions to the three possible connections were mapped out in WaterGEMS to determine 
which connection option would be the most affordable, with the northernmost connection being 
chosen (Figure B.3). 
 
 
 
Figure B.3. Map showing proposed piping into Whites Lane community (census block outlined 
in cyan). 
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Wake County provides GIS services online via iMaps. Using iMaps, it was determined that the 
Whites Lane block sits on some flood prone soils – shown in blue hatching on Figure B.4 – and a 
portion of floodplain – the purple and blue area in Figure B.5.  
 
Figure B.4. Soil map; Whites Lane census block outlined in cyan and flood prone soils in blue 
hatch. 
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Figure B.5. Floodplain area map; Whites Lane census block outlined in cyan and flood prone 
areas in purple and blue. 
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Initial costs to residents, the first four costs in Table B.2 below, were gathered from the 
Development Fee Schedule (2016). The monthly costs to residents were multiplied by twelve 
months in a year to estimate recurring annual costs for this alternative. The monthly cost 
consisted of an administrative fee of $5.98 ($71.76 = $5.98 * 12) for a 5/8” meter and the water 
consumptive rate. Per capita daily water use was taken as the average of per capita daily water 
use over the period between 2005 and 2015 (Table B.3). 
 
Table B.2. Costs of extension project to Whites Lane residents. 
 
 
Table B.3. Per capita water consumption.   
 
 
The information in Table B.3, above, was gathered from two Raleigh publications: 2013 Water 
Resource Assessment and Plan and 2015 Data Book. In the few cases that the annual values 
Activity When Fee
Capital Facilities fee Year 0 $1,492
Meter installation fee Year 0 $245
Utility billing account initiation fee Year 0 $50
Well abandonment fee Year 0 $1,600
Water administrative charge Every month (12x/year) $71.76
Water consumptive rate Every month (12x/year) $531.02
Year gpcd
2005 116
2006 113
2007 116
2008 98
2009 100
2010 107
2011 107
2012 99
2013 96
2014 90
2015 91
Avg 103
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differed for the two publications, the higher and more conservative gpcd value was used. The 
103 gpcd consumption was manipulated to allow for an estimate of monthly water usage, and the 
monthly water rate was $4.12/CCF for 103 gpcd consumption.  
Annual costs of this alternative for Whites Lane residents are about $600 (Table B.4). To get a 
sense of the sensitivity of this calculation to the chosen discount rate, and because discount rates 
between five and seven percent are sometimes recommended for cost analyses of public projects, 
the calculations were also performed at a 5% discount rate (Table B.5).   
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Table B.4. Annual costs and NPV cost of Whites Lane community extension project to Whites 
Lane residents; 3.5% discount rate. 
 
 
 
 
 
 
 
 
 
Year Cost
0 $3,989.78
1 $602.78
2 $602.78
3 $602.78
4 $602.78
5 $602.78
6 $602.78
7 $602.78
8 $602.78
9 $602.78
10 $602.78
11 $602.78
12 $602.78
13 $602.78
14 $602.78
15 $602.78
16 $602.78
17 $602.78
18 $602.78
19 $602.78
20 $602.78
21 $602.78
22 $602.78
23 $602.78
24 $602.78
25 $602.78
26 $602.78
27 $602.78
28 $602.78
29 $602.78
TOTAL $21,470.32
NPV $14,358.77
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Table B.5. Annual costs and NPV cost of Whites Lane community extension project to Whites 
Lane residents; 5% discount rate. 
 
 
 
 
 
 
 
Year Cost
0 $3,989.78
1 $602.78
2 $602.78
3 $602.78
4 $602.78
5 $602.78
6 $602.78
7 $602.78
8 $602.78
9 $602.78
10 $602.78
11 $602.78
12 $602.78
13 $602.78
14 $602.78
15 $602.78
16 $602.78
17 $602.78
18 $602.78
19 $602.78
20 $602.78
21 $602.78
22 $602.78
23 $602.78
24 $602.78
25 $602.78
26 $602.78
27 $602.78
28 $602.78
29 $602.78
TOTAL $21,470.32
NPV $12,491.88
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APPENDIX C. WHOLE HOUSE WATER FILTER WITH UV COST ESTIMATION 
The Aquasana Well Water Rhino was chosen because it claims to be designed specifically to 
address well water contamination. The UV option was chosen because of concerns of bacterial 
contamination in this community. According  to the Aquasana webpage for this filter, the UV 
filtration is expected to kill 99.99% of viruses, bacteria, and chlorine resistant cysts. Information 
on typical replacement periods for filter components were collected from the Aquasana website 
and costs for well testing were collected from the well testing page of the Wake government 
website. The costs for this filter with UV alternative are presented in Table C.1, below.  
 
Table C.1. Costs for Aquasana whole house filter alternative. 
 
 
 
 
 
 
 
 
Activity When
Purchase Well Water Rhino Year 0 $2,166.65
Aquasana Installation Year 0 $2,829.00
Pre-filter Replacement Every 3 months; fee for 4 pack $29.95
Filter Replacement (6K gallons) Every 6 years $649.99
Post-filter Replacement Every 9 months $29.95
UV Lamp Replacement* Every year $100.00
Testing Sampling Fee Analysis Fee
       Bacteriological Every 6 months $0.00 $25.00
       Lead Every 2 years $0.00 $20.00
       Arsenic Every 2 years $0.00 $20.00
       Nitrate/Nitrite Every 2 years $0.00 $25.00
       Volatile Organic Compounds Every 2 years $50.00 $50.00
       Pesticides Every 5 years $50.00 $50.00
Fee
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Annual costs were entered into Excel using the information in Table C.1 and the net present 
value cost was calculated at a discount rate of 3.5% (Table C.2) and 5% (Table C.3).  
 
Table C.2. Annual costs and NPV cost for Aquasana whole house filter alternative for period of 
analysis; 3.5% discount rate. 
 
 
 
 
Year Cost
0 $5,080.55
1 $209.90
2 $374.90
3 $239.85
4 $374.90
5 $309.90
6 $1,054.84
7 $209.90
8 $374.90
9 $239.85
10 $474.90
11 $474.90
12 $1,054.84
13 $209.90
14 $374.90
15 $339.85
16 $374.90
17 $209.90
18 $1,054.84
19 $209.90
20 $474.90
21 $239.85
22 $374.90
23 $209.90
24 $1,054.84
25 $309.90
26 $374.90
27 $239.85
28 $374.90
29 $209.90
TOTAL $17,112.16
NPV $12,123.44
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Table C.3. Annual costs and NPV cost for Aquasana whole house filter alternative for period of 
analysis; 5% discount rate. 
 
 
 
 
 
 
 
 
 
Year Cost
0 $5,080.55
1 $209.90
2 $374.90
3 $239.85
4 $374.90
5 $309.90
6 $1,054.84
7 $209.90
8 $374.90
9 $239.85
10 $474.90
11 $474.90
12 $1,054.84
13 $209.90
14 $374.90
15 $339.85
16 $374.90
17 $209.90
18 $1,054.84
19 $209.90
20 $474.90
21 $239.85
22 $374.90
23 $209.90
24 $1,054.84
25 $309.90
26 $374.90
27 $239.85
28 $374.90
29 $209.90
TOTAL $17,112.16
NPV $10,786.19
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The 1-3 Bathrooms option was chosen for the Pelican filter based on its capacity (at 600,000 
gallons it is comparable to the Well Water Rhino) and because it is not expected that properties 
in the Whites Lane census block would have more than 3 bathrooms for homes with about 
people people per home. With the UV option, this filter claims it kills 99.9% of viruses and 
bacteria. Costs for this filter alternative were also collected from the manufacturers website and 
costs for well testing were collected from the well testing page of the Wake Government website 
(Table C.4).  
 
Table C.4. Costs for Pelican whole house filter alternative. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Activity When
Purchase Pelican Filter Year 0 $1,270.95
Pelican Filter Installation Kit Year 0 $134.11
Carbon Media Replacement Every 5 years $199.00
5-micron Pre-filter Replacement Every 6 months; 8 pack $110.90
UV Lamp Replacement (PUV-8) Every 12 months $91.57
Testing Sampling Fee Analysis Fee
       Bacteriological Every 6 months $0.00 $25.00
       Lead Every 2 years $0.00 $20.00
       Arsenic Every 2 years $0.00 $20.00
       Nitrate/Nitrite Every 2 years $0.00 $25.00
       Volatile Organic Compounds Every 2 years $50.00 $50.00
       Pesticides Every 5 years $50.00 $50.00
Fee
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Costs for each year were entered into Excel and the NPV function was used with discount rates 
of 3.5% (Figure C.5) and 5% (Figure C.6). 
 
Table C.5. Annual costs and NPV cost for Pelican whole house filter alternative for period of 
analysis; 3.5% discount rate. 
 
 
 
 
Year Cost
0 $1,565.96
1 $141.57
2 $306.57
3 $141.57
4 $141.57
5 $605.57
6 $141.57
7 $141.57
8 $306.57
9 $141.57
10 $340.57
11 $406.57
12 $141.57
13 $141.57
14 $306.57
15 $340.57
16 $141.57
17 $406.57
18 $141.57
19 $141.57
20 $505.57
21 $141.57
22 $141.57
23 $406.57
24 $141.57
25 $340.57
26 $306.57
27 $141.57
28 $141.57
29 $406.57
TOTAL $8,816.49
NPV $5,828.68
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Table C.6. Annual costs and NPV cost for Pelican whole house filter alternative for period of 
analysis; 5% discount rate. 
 
 
 
 
 
 
 
 
 
Year Cost
0 $1,565.96
1 $141.57
2 $306.57
3 $141.57
4 $141.57
5 $605.57
6 $141.57
7 $141.57
8 $306.57
9 $141.57
10 $340.57
11 $406.57
12 $141.57
13 $141.57
14 $306.57
15 $340.57
16 $141.57
17 $406.57
18 $141.57
19 $141.57
20 $505.57
21 $141.57
22 $141.57
23 $406.57
24 $141.57
25 $340.57
26 $306.57
27 $141.57
28 $141.57
29 $406.57
TOTAL $8,816.49
NPV $5,046.84
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The Puriteam UVA20-3 filter was chosen because it is designed for private well water treatment. 
On the manufacturer’s website, it is claimed that this filter kills 99.99% of bacteria and viruses. 
Initial and replacement costs for this filter alternative were gathered from the manufacturer’s 
website, with replacement intervals as recommended by the manufacturer, and well water testing 
costs were gathered from the Wake County Government webpage on well water testing (Table 
C.7).  
 
Table C.7. Costs for Puriteam whole house filter alternative. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Activity When
Purchase Pura UV20 3 Year 0 $697
Pura UV20 3 Installation Year 0 $2,829
Pre-filter Replacement Every 3 months; 4 in year package
Carbon Block Replacement Every 6 months; 2 in year package
UV Lamp Replacement Every year; 1 in year package
Testing Sampling Fee Analysis Fee
       Bacteriological Every 6 months $0.00 $25.00
       Lead Every 2 years $0.00 $20.00
       Arsenic Every 2 years $0.00 $20.00
       Nitrate/Nitrite Every 2 years $0.00 $25.00
       Volatile Organic CompoundsEvery 2 years $50.00 $50.00
       Pesticides Every 5 years $50.00 $50.00
Fee
$199
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Costs for each year were entered into Excel and the NPV function was used with discount rates 
of 3.5% (Figure C.8) and 5% (Figure C.9). 
 
Table C.8. Annual costs and NPV cost for Puriteam whole house filter alternative for period of 
analysis; 3.5% discount rate.  
 
 
 
Year Cost
0 $3,551.00
1 $249.00
2 $414.00
3 $249.00
4 $414.00
5 $514.00
6 $414.00
7 $249.00
8 $414.00
9 $249.00
10 $514.00
11 $249.00
12 $414.00
13 $249.00
14 $414.00
15 $514.00
16 $414.00
17 $249.00
18 $414.00
19 $249.00
20 $514.00
21 $249.00
22 $414.00
23 $249.00
24 $414.00
25 $514.00
26 $414.00
27 $249.00
28 $414.00
29 $249.00
TOTAL $14,077.00
NPV $9,747.78
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Table C.9. Annual costs and NPV cost for Puriteam whole house filter alternative for period of 
analysis; 5% discount rate. 
 
 
 
 
 
 
Year Cost
0 $3,551.00
1 $249.00
2 $414.00
3 $249.00
4 $414.00
5 $514.00
6 $414.00
7 $249.00
8 $414.00
9 $249.00
10 $514.00
11 $249.00
12 $414.00
13 $249.00
14 $414.00
15 $514.00
16 $414.00
17 $249.00
18 $414.00
19 $249.00
20 $514.00
21 $249.00
22 $414.00
23 $249.00
24 $414.00
25 $514.00
26 $414.00
27 $249.00
28 $414.00
29 $249.00
TOTAL $14,077.00
NPV $8,602.56
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APPENDIX D. BOTTLED WATER DELIVERY COST ESTIMATION 
For the bottled water delivery alternatives, only quantities of water consumed for drinking and 
cooking were taken into account for the cost estimate. Consumption of 1 gallon per person per 
day was used for this cost estimate (Bowen, Sharpe, 2016; Reed, nd). The cost of delivery of 5 
gallon bottles was collected from the Crystal Springs website and the cost of well water testing 
was gathered from the Wake County Government webpage on well water testing (Table D.1). 
The same approach was taken for the Diamond Springs option (Table D.2).  
 
Table D.1. Costs for Crystal Springs bottle delivery alternative. 
 
Table D.2. Costs for Diamond Springs bottle delivery alternative. 
 
 
 
Activity When Cost per bottle Cost per year
Purchase 5 gallon bottles; purified water
949 gallons per 
year (190 bottles 
per year)
$6.49 $1,233.10
Testing Sampling Fee Analysis Fee
       Bacteriological Every 6 months $0.00 $25.00
       Lead Every 2 years $0.00 $20.00
       Arsenic Every 2 years $0.00 $20.00
       Nitrate/Nitrite Every 2 years $0.00 $25.00
       Volatile Organic Compounds Every 2 years $50.00 $50.00
       Pesticides Every 5 years $50.00 $50.00
Activity When Cost per bottle Cost per year
Purchase 5 gallon bottles; purified water
949 gallons per 
year (190 bottles 
per year)
$7.25 $1,377.50
Testing Sampling Fee Analysis Fee
       Bacteriological Every 6 months $0.00 $25.00
       Lead Every 2 years $0.00 $20.00
       Arsenic Every 2 years $0.00 $20.00
       Nitrate/Nitrite Every 2 years $0.00 $25.00
       Volatile Organic Compounds Every 2 years $50.00 $50.00
       Pesticides Every 5 years $50.00 $50.00
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Annual consumption per household was used to calculate the NPV cost of this alternative with a 
3.5% discount rate (Tables D.3 and D.4) and a 5% discount rate (Tables D.5 and D.6).  
Table D.3. Annual costs and NPV cost for Crystal Springs bottle delivery alternative for period 
of analysis; 3.5% discount rate. 
  
 
Year Cost
0 $1,283.10
1 $1,283.10
2 $1,448.10
3 $1,283.10
4 $1,448.10
5 $1,383.10
6 $1,448.10
7 $1,283.10
8 $1,448.10
9 $1,283.10
10 $1,548.10
11 $1,283.10
12 $1,448.10
13 $1,283.10
14 $1,448.10
15 $1,383.10
16 $1,448.10
17 $1,283.10
18 $1,448.10
19 $1,283.10
20 $1,548.10
21 $1,283.10
22 $1,448.10
23 $1,283.10
24 $1,448.10
25 $1,383.10
26 $1,448.10
27 $1,283.10
28 $1,448.10
29 $1,283.10
TOTAL $41,303.00
NPV $25,279.81
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Table D.4. Annual costs and NPV cost for Diamond Springs bottle delivery alternative for 
period of analysis; 3.5% discount rate. 
 
 
 
 
 
Year Cost
0 $1,427.50
1 $1,427.50
2 $1,567.50
3 $1,427.50
4 $1,567.50
5 $1,527.50
6 $1,567.50
7 $1,427.50
8 $1,567.50
9 $1,427.50
10 $1,667.50
11 $1,427.50
12 $1,567.50
13 $1,427.50
14 $1,567.50
15 $1,527.50
16 $1,567.50
17 $1,427.50
18 $1,567.50
19 $1,427.50
20 $1,667.50
21 $1,427.50
22 $1,567.50
23 $1,427.50
24 $1,567.50
25 $1,527.50
26 $1,567.50
27 $1,427.50
28 $1,567.50
29 $1,427.50
TOTAL $45,285.00
NPV $27,725.92
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Table D.5. Annual costs and NPV cost for Crystal Springs bottle delivery alternative for period 
of analysis; 5% discount rate. 
 
 
 
 
 
 
Year Cost
0 $1,283.10
1 $1,283.10
2 $1,448.10
3 $1,283.10
4 $1,448.10
5 $1,383.10
6 $1,448.10
7 $1,283.10
8 $1,448.10
9 $1,283.10
10 $1,548.10
11 $1,283.10
12 $1,448.10
13 $1,283.10
14 $1,448.10
15 $1,383.10
16 $1,448.10
17 $1,283.10
18 $1,448.10
19 $1,283.10
20 $1,548.10
21 $1,283.10
22 $1,448.10
23 $1,283.10
24 $1,448.10
25 $1,383.10
26 $1,448.10
27 $1,283.10
28 $1,448.10
29 $1,283.10
TOTAL $41,303.00
NPV $21,109.33
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Table D.6. Annual costs and NPV cost for Diamond Springs bottle delivery alternative for 
period of analysis; 5% discount rate. 
 
 
 
 
 
 
 
 
 
Year Cost
0 $1,427.50
1 $1,427.50
2 $1,567.50
3 $1,427.50
4 $1,567.50
5 $1,527.50
6 $1,567.50
7 $1,427.50
8 $1,567.50
9 $1,427.50
10 $1,667.50
11 $1,427.50
12 $1,567.50
13 $1,427.50
14 $1,567.50
15 $1,527.50
16 $1,567.50
17 $1,427.50
18 $1,567.50
19 $1,427.50
20 $1,667.50
21 $1,427.50
22 $1,567.50
23 $1,427.50
24 $1,567.50
25 $1,527.50
26 $1,567.50
27 $1,427.50
28 $1,567.50
29 $1,427.50
TOTAL $45,285.00
NPV $23,156.08
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